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(57) Abstract: 



PURPOSE: The estimation of optimum sampling point In tdma pacl<et 
transmission system is provided to quicl<ly restore an optimum 
sampling point of time by reducing the number of calculation times 
and ttie execution cost. CONSTITUTION: The sampling time estimation 
system (22) uses a polynomial interpolation of the over sampled(18) 
signal to determine the optimum sampling(22) time and apply a low 
pass digital Nyquist filter(F2) with coefficients determlned(26) as a 
function of the delay. 
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01 a^S^, 4=^3 ass ilH* 4^iym^ BTIL 

ass 2uiaii(ni ^^AiE! A!2:oii cHstfe sisg *sspi m m^ asu ±^^s aa 
m= 5t^*^c:l-. 

B as JIIOIM gOf£| 0HlEI?llOli3(HIA| 5SAIEID1, lol, EIDiaOl AIM 

l^pi ^i?K-ij(Hi MB ±m\m qioiei m^m ^ sis a^si oHiEiJiioiiH 

oAjSAi qi SIElEl SaiOl A|E|^(Siley Series in Telecominunications and Signal Pracessing)2J 
lOIAI 285 LHXI 289011 y\M^ H.Meyr, M Moeneclay a S.FechteKHI 2|tH 7H^^S ^'^21 SIOI TlXIl 
li! ma $S a Aja: ^^a| iJ-a (Digital ConiiHunlcatlon Receivers Synchronization 

a a^goj a^j^ ^1^^ j^|:sf§^oi ain ii^si 5^^3^s is^ra. 
x^El uigi s^±Ai?is 3iom. oil ?i^ii. Ai^oii 3HAIS m\ '^ix ^i! <iBoi 

Sg §E1 S! XI3 TEI^ §E1S *!!EigSF= *!!E15! 4E!S itmhS SS 

B S2*^ ^goii si^ aig s■4!!s^s s^xis s^sj gcHsit 

91*1- interpolator)! iHti-QI-. 



M ojgefoi §j[E ^Eioii^MAi aioiai 3^ s 4--^^i# ^ si^ ^^^i m\w:m\ eaieioi 

Sia. aOiy^^EI §i|E i^EilD|iy°S2J ^^^^^^^^2.^ ^?gSEK §IIE :^EilO|'^^S¥E1 EIDj^ 

^^l SQ. E-i^oL ayEj p^Mi?^ e^tai g^isi ^^saii ^ °au. (iOiE-^-iej 

M Al^gjSi 3°[HI EiDiyOI 1 4 SI^)5||E :^iEIIOIif E^ ^Uiaigl ^^gA|3!10f *H 

B ^^SDIi 4i!7l(10)2| yetsja SISEIF E 2CHI EAiEIOi °XL\. E a&ilS. ^Kh4^^ 
gshg Ai^oj ^niEaoi {lEIljEIS SI ^Eh4(FJS 4=i!=! iJ2:(14)l 9|t^ ^ 

Eh B ^"SOIl mEh SMail^ ^Eh4(MxFs,0]7|Ai. M>)3)g ^SSQ. 5|5J aig S^^E 
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Q. B ^AKfflOII [P-Eh SHiai§ &x|(1B)0il 2|o|| iSSS! Sm^ll5J 4^(M)^ KCh ^7]^ 
□1. 0)7|A1. N£M2:30II2, (ffll 1^. N=160|I2, M=30ID, 

^tfiail^ E 221 RAM££ lAlg ffliaEI (20)[HI SIS-EIOI, sl^l ^gSPI 

[HISE|(20)(}|| TflSEI ailEJ Dxffih §^U^D1, 017IAI. imm SI 21 40|I1. 

stuaiisj 4=oiD, 011^ DxT^i- :'izK)ii cHg§m. 017IA1, si2j iiizmia. gsj ai 
g ^zm ^mtiJi ^mm\(2Z)^ y\ZKi>^,m iwmm, iniaEi(20)(Hi tjiss aii^i 
mu\ ^iti M 1 l2^ iEi(Fi)i smm, oi:?|yy, l<doiq. iy(Fi)^ o zmiM 

UO|?|i^E OIIXI^ES 7SE|0i. B¥OilAl A^g^! lEIM JF-H^ ei^tlSlClh SI 

^Li\, o\im ^mmm ^tiskji, n ^i-^s^i 4511 AmioiiAi 3^=1 sioii imm^ s^i ?iiiy- 

S|-?l ^|5|| M HH2I S^ ^Eh4(Fs)S MxL 4d*Ch [[[EW. 5|5j AH=aj -jj-^ e^^h 

§^ES SfaSLK 1 1 lEKFD&ll ^^sjog oife^^ej UOI?I^M 01IA|^2J XII 2 S|^ ISF 1 

Ei(F2)^ m^A^ 7\zm i}iiaEi(20)(ni 7^i§£! am iEi§uh?i ?i*r aizi- ^, ^izkdxtji 

^ nt^ SiE^S MgElLh k (k §4^)^ ^Ixl 4=ais! I||?!LH2| 5|E! ai^J kxlJHSL^ lAIS A| 
5AI^ Hl-ai- ^OL £!!Eig 4^(26)^ Olaf^5|S! Em\ CH^S^^ Aig^g ™Ei(F2)l ^Al^ 

£s 3Eiiti-:i| asEiQh, (HIM 13, 1E^(F2):7^ Esnaia ?ii4^i ciaii lEiei s 
3Eig 4=3(26)^ □ 1:^ gg-oi ktmi ntm m mi. ^ZKkxVN)^^ m^m 4= s 

^ 1E1(F2)2J ?j|4iM =SIlBHa:'hstffll thQ. ^11^ ^E|-4^(feF.)S 1 2ia(F2)ej gqOil SS 
SLh ^111-4=^^ mt aiAIIDIOli^ Sxl(27;deciii)at ion device)^ M 2 l'E1(F2)2J 

t^OilA|£| SiS M m AWIOilAI £1^! SZKHI CHgt^^ 1 1 S1E!S il^Jj^PI 9m HI 

S ^'SOil [[|-g 4i!7| (20)21 ti[^'^f^ 4'A|(HI^ E 30il ^OlISAI EAIEIOI SlU, E 3011 A|. E 22| 
121 a4=01l gxISfe a^l g^lS ggtj- ms. 4A|&|-aD, am 24!|ei- 
:7I 9lt^ 57:1(25)^ SX|(18)(HI 2ISII So LHXI SM-ie IAIS M ?H2i £bHail s 

2,^^^2| £U)aM2| TliiH SE?CL)2| 13 a^l fllil^hCfl, s|£! fe"e2| XII 1 UEKH^ 5ICH m 

3 3^1 iy-^ 4511 '^71 9I*!- 71l<i+ ¥^(251)1 StmCF. Ali^^lOfl [[j-EK S^l U 

El-y 4= 2m4S112J 12 3^011 [HtJ- DCS}=f:S ji^^Qw cj.^ sICHxIl itmCK SM?!- 2. 
bHam 2iAKM)M OlEltl SbHiSllSJ Bm\ CHt^ Oliy-t^4:^ ah121 M 1 ^§ 

1 LIEHH^ mm SICHxISIl i^^^Q. 12F5j^S, a^i-^'l (252)^ 2U1M112I 12 3^011 CH*^ 

DC t^4=:Hi MM mwmi m. Mm\ nt*& sehxiaiokhiai, ?ii^y-¥a(25i)oii 

Sltt DIEl 71IAI-EI 5)0|E 37H2J 122.^Aroi(HIAI SZH^ ^*S*CK 01 ABSS 5|CHSI= SAI=! sl^ 
SZi-2i ANSS ^gCHI CH^t^D. 

B mS2J HI 1 ^AIOIIOII im, gHH7l(253)^ giflE! gSfE E|ibM4^£| THAtsi Agiii ^Z""! 3 

m7\ ?itL :>ii4(N/M)ini 2i§ii aa-:JK25i)2i m^2.s. ns.^ ^§cx)s suHSh^i ^itii hissci-. tii^ 

51-01, H|in:'|(254)2| ^gsog^ g^^^g ,4 J^^o^ y^^^y goii^^^ g^^g 

xi4(k)i 5;=^^ aimi CHS§^= si :7iiH.H(Hi si^i ai2i ?|jii >ti xxn/moii 7|-& 

22tJ- §4=(k)i ssm. oi:?iAi, 0£k<M-ioiQ. oiat!" Lmm\ im, iiEig 4=B(26)g as a 

imi k xVN 31- X|£31 ai(S;<)(HI HI 2 iE1(F2)2| !>: g&l £!!E1§£f 

□ . Oil 01^:71 ?|oL idlEli! 4i3(26)s M xF,S iSSi!^! 1^ S&(h(t))0| HISWI ^StP -k 

xL/NOII 2JtN OietlES HI 2 i'E1(F2)2| 7!i4il 7IIi.i*^Q. H ¥1, 5|SJ Agi§ SZKHI CH*^ N 7H2j :?h 

^ss UEHH^ K2J N 7H21 2^1011 im i'Ei2j 2tz,t-2i 7ii4=(Hi im N ;H2i 2foi mm 

n SQ. 1^1, tllEIg 43(26)^ a^ 4^1§ ^ZK)11 CH*^ OlElt!" St« □!£! Tlliiltl-Dl, 

4=d=! iti2:!oii [H*i- ?^l^!l^l ^'xm7\ 9-m m\m\ oiii T^isti-CK 

B ^^S2J HI 2 9^ ^AKMIOII [[fsg, {f!!Eig 43(26)^ azi-^'l (252)(HI 2J^| HIS& SAIEI^ 01E 
sl^ ai§ ^Zi-QII [Htt HI 2 lE1(F2)ej 7114^1 71li+W ^ S!EF. HI 2 ^AlffflDliAl, lEI 
7114=^ Oiesjoj ^toi 3= 4=i!=! ra?:l2^ EH 4 2t0|71 lli^BII as AlSg 

Oil CH^I QAI 71li.fE|CH0t 0|E1*H AI-3 S^SQ DUSEI g^l i 2.=?m^ Sgl 5:^AISI. 

a^OII [Ht^ a^ 71141 aTllih^^ 4= SiE^ 3 ?1|Ah 5!^1 R^m- Igl 5='-^CK 

S-ltJ- 27H2i B^OII im ^Mm\M, HI 2 ^E1(F2) gSSJ- OI-LIEh idlEIg 4^B(26)3h QIIAIDIIOIil^ 

4g-(27)i u^my\ ?-m H2j 7[^t} ^tsoi ^ati-ch wii is, eiaii ^shiais 

SSE1 E^ DSPgs 4=&(26)2^ aiAjOilOliNSJ ME| S^tW S.^^ HI 1 ^t^OII EO- 

E^ Hi 2 iE1(F2)l ^'f^5|-?| ?i§|| SS|§|-?1I kmm ^ SIEK ehCHS, QIAIOHOI^M =^^(27)0| [ffl, 
gEH2| lEm SIS^ 5|Si AHMi! ^^^l 24!!§l-:?l 2:51(25)011 2jS|| HISS TjiAj-Ei 7;i3(x)2J 1^4= 
^SAH, ^Sth 7114^ E1I0IM2I mm m S^'Sfe tSEIil ^B{2Bm %m lE1(F2)0il CHoll fiCF SHI 
S!0|D. 

Ell Al oil 01 i5 (27)1 Al-gmOl ^iSthogAi, ^E1(F2)^ Ei^BOIIAI M 7H21 45111 4iJ§Hl, ^^3011 M 
7H21 45111 MStm, M 7H2J 4511^ 451CHI kxVNOII 2J5H OI^SQ. HI 1 4S1&0I 
Sau^7| M^Oli, MOli 2|t|| EIIAIDtlOli^l Sx|(27)^ HI 1 451°^l iieiSP! ?!*!• HI 2 iE12| 
^^Wl S^l 4 °iEh. QE tIS, aiA|D1|0|^S?,0| ^l^fS, ?IF4i(Fs)e s|^ 4511 45SS^:^I m, 
ill?:!2J 7IZl-(DxTs)01l ^T^BAI tl-aSI lEIgl g-^HS i^s; iSHIAIl iSHEIiaSI-^ 
Ell Sgl ?i-=LK O-E ail2| 7||A!-° M^fiSI-CK DIEitJ- ^tSOII [Q-^S, lEIiai- EIIAIDIIOIi^OI 1 
Ei(F2)0|| 21^11 — — ■ 
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S a 11^ Eh' (square power)£l 1.^1 ntm^ ^f^i-Ej ah^^ 01^013 ^lOi if 

E^. £ilCH Efsj l,^CHi!(HI ICHSt^ tJ-DI TH^i+tl^ A|^^ aOICHH^HS^ gflEl Sgl Ahg^" 4= 

i4Hiilll,'^f 4? aia^Af ? ^^orilf ggrE^^^* ^^^^^^ 

EM (43); oxTjah 7|^^§e.^ ^iia s^ei 371011 cHSSh= isei# ^m(0\7\M. D 

&71l(44); L°| (LEJ 2iO| U¥3AI Sr^)S^7l£h 4^y71Ami2J iSlli ^Eh4^ ?Eh4 ^ 

2^ M^m2\ §sr2s a^, (lsi stoi mi are)sgoii sj^^- ^ s^Ha. oiii is, l=i28 

i^!ii^2^^iiii srsii'H^ ^ii.^itrsi,"*' "* 

&71l(47); 1 2 UOI?l:iM ^E1^ DxT^h =g^h 7|ZH=3 e71l(43)S& ail 

1 a 2 lEig^F^ 3711 

liSi^lfAf IllS^slil'^ff " '"^ ^""^ 

3711(45)^ Lm2i ^-37111 iimD. 

3711(451); aig ^ZKOsk <M-10fl TO kxVM)2h sICH^iei QIAIffllOldS ^ 

&=! M 7H5I ail2| 13 Em\ CH*^ 7liKLxTs)» ST^ SIE^^OllAi OliT Tll^ttfe 3 

3711(452); SICHxi AWIQIIAI, 3:^1 (451 )(H|Ai t^^5J Sej^^l HhAl?!^ 22h giJtF7]U 

S#^°^jLS^=jp5] x(osx£M)^ sAi^! ^^Hi igepi at^^ fiZl- 

3711(453); N 7H2j ia-AWiOllAI, kxVN 1[ jjsi aiS ISSPI i^ljL SAHg 

ggEOil CHt^ A&iOil 71ii+£i ^Zm CH^Sf-^ 2f(xxN/M)0)| 7m g4=(k)2| aiA|IHI0li31 4'tSSh 

^ 37111 St.'tLHIK 

3711 (452)011 Ai ^tHEi aZHSCHI [Hs«A1^ SIS AIS«.i M 7H£iaMl SWIAi 3?HS1 iOJM AroiWIA^ 5 
lit Q^t^^^O| ?>^*HD||, S^S @3 slEH 3^1 B SAIS S. a 

I lit F^ti^'fki^iirkimm'ii ii!ti"-io?'r[i^',yfs^ 

M-1S SAIS aiOll CH^II THi+E! 12 2^]lh SgShCK Sb7F M-1S SAIS ^121 3^, S,^ ai(M) 
21- gSoFDl, H 13 2^(F.)s 3|g AH=Qi| [H§| 7i|AhE!aih =g*rCK OlEltf 37H2I ^SIAWISJ 51 
i! SiH^s [4=*HA!i]oi| EJ5H flSS SiKx)l iTttth. 

A- » 1 (/t.A)-( FB'FD'(B-0 \fB'FA }V(2(B.AXF/i-FC)'(. B-C^FB-FA )) 

fn-9ji ^sk^i^f ^r!sg? 'T^rwim°n^M wm 

^m. s^^all ^ siCK 

S^tr 1. SI ?Eh4(FJS AiSl 43, 4E|-4£i gdHMSJ ?EF4(MxFJS ^ 

j\ ^AjEi Aiss^Ei sbH^iKSi, im s^,)i assi-= ^maia *3(i8) oi asa suiai 
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mm ^7\mQ\, 4=^^ dsoii zmm^ xig(x)M m am ^zm s^epi 

m\(22m 2# Alil^lg ^Aj^lOil SICHAI, 

^itr mm 43(26)1 ilrs^^ ^gns ti^ ^ii7\. 
g^trz. m 1 tm ^o\m, 

73^ S2h iE1(F2)^ 4^71 IJ-^SJWi ^fe^^l *!!Eig 4:B(26)0il 7||47h SgEI^ U0|?| 

(HUKNyquist edge)l ?:>^ CIXIl lEiS! ^Aj!?!. 

g^tr 3. M 1 titMl 2101 A1. 

A^7| 7;|3 sg^ <^j\ o|^f. ail-:'! (252)1 4^^171 , 

g^tr 4. ^OiE 2!^7|(2)S^Ei 4iJ7l(1)S EHSil ffl3:i A|:^1^^A1. ^'7\ 

4:AiE! AisS^EI 2bHail(So LHAI S,-,)! MSsI^ :£a^Slij 4=3(18) 01 i5S£! £fcHail 
(HI STISI-OI, fei-:?! i!2(HI [Hg§l-^ AI3(x)S ^SSPI m^ 4519 ^^^S giflSPI 

SSI (22)1 Ali^gOil SIOiAI., 

fei-^l 4iJ 43^ 7^1^ 12HE1(F2) fe^I?! t^^^-WI ^1^ 1SHE11 iO El § (center ing)§h7| 

^Itr 3E1i! 43(^)1 it^th^ 311 A|:i:g, 

^§ ai-sssAi, 4iy£! dssAN ^ysi 4do!^ e?ii. 

Ai-:?! 4:Ajg AjSS^EI £bH4511# ^SW] ^Itl 3.ii\^Mm e?tl(42) S!. 

1 3^o^^ &?ll(45)l it-ith^ s|» ABgg ^§ SaOll S101A1, 
6^71 m4S<Vl 12h 1E11 £!!E1gSPI SEIlj B71l(46) a, 

^^i?! mm^ 7^"^ mM §Ei# oigmol 4^:71 ^iis iisi gEig-^F:?! 73^ l2^ §Eig 

B?ll(47)l itmh^ 211 wgo^ Sl-^ S|5! AH=g ^§ S-B. 

Ai-:ii 4,AiEi Ajss^Ei £tiiaiii ^^m7{ ^mm 

01 ass atnaiioii ETiera. s-:7i 4i!& ^ysoii cHgoi-^s xisi ^g^pi m ii^ am 
1 ^^t[^ 3711(45)1 stit^^ m aig sjoiai, 

sii ■^^7\ xig *ss 2:71 ^isi sii! m^hsi ^sssi-^ 37iis 5imh= 
SIS! am ^^^^§ as. 
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